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Report on the contacts with the Thermacore Europe (UK), on June  5 and June 28, 2013 

1. Introduction 

Thermacore (USA) is  a recognised global leader in thermal management technology. They have a 
European branch in the UK (Ashington, near Newcastle) and design, thermally model, prototype, test 
and volume manufacture modules that allow equipment to operate in environments or to 
parameters that would, otherwise, not be possible. 

Core Technologies and Capabilities: 

• Two-Phase Heat Transfer (Heat Pipes, Vapor Chambers, Loop HPs)  
• High Performance Conduction Cooling (k-Core® APG) … USA only 
• Pumped Liquid Cooling, Enclosure Heat Exchangers 
• Aluminum Vacuum Brazing (Cold Plates, HEX’s, Chassis’s) 
• Advanced Material Development, Processing, and Testing 

The UK branch (~60 employees ?) cover all these activities, except k-Core: 

 

 

 

 

 

 

 

 

 

Thermacore are leading specialists in heat pipes and 2-phase heat spreaders and offer customized 
solutions for a broad temperature range, including below-0°C applications. This caused my interest 
to Thermacore , because most of commercially available heat pipes which I could find earlier, were 
designed for above-zero applications, like CPU cooling. The “coldest” pipes were AMEC Thermasol 
(UK)acetone-filled MHP series , potentially useful for us, but the company was not interested in a 
custom design for our project. 

In June 5, 2013 I met with the Mr. Peter Collington, the sales manager for France, intercepting him in 
Lyon during his business trip to Marseille. This improvised meeting  was arranged following my 
inquiry at BCFMKM SA , one of Thermacore distributors in France, and took place at the Lyon Airport 

Thermal Engineering 

• Design 
• Analysis 
• Prototype & Test 

Manufacturing 

• Cold Plates 
• CNC 
• Cleaning 
• Vacuum Brazing 
• Flattening 
• Testing 

 

2 Phase 

• Sintering (Bell) 
• Batch furnace 
• Welding 
• Thermal Shock 
• Thermal Cycle 
• Assy equipment 

Testing 

• AutoCMM 
• Wind tunnel 

 

http://www.amecthermasol.co.uk/AmecThermasolPDF/MHP_Series.pdf
http://uk.linkedin.com/pub/peter-collington/23/32/4b9
http://www.bcfmkm.fr/


on June 5, 2013. We had a constructive two-hours discussion and brainstorming. I introduced the 
LHCb Fiber Tracker project to Mr. Collington, showed the samples of the SipM and prototype cold 
pipes, explained the specifics of our cooling application, summarized in the Appendix A.  The 
summary of this meeting is presented in Section 2. 

 On June 18, 2013 I received a proposal document [1] from Thermacore, outlining possible technical 
solutions which could be implemented by Thermacore, with the corresponding R&D costs. Since I 
insisted on having a prototype ready by October-November 2013, we agreed to arrange a dedicated 
meeting with leading experts at Thermacore Europe in the end of June, to select one solution, 
discuss technical details and focus on making prototypes. This meeting took place on June 28, in 
Ashington (I combined this trip with the meeting at the Imperial College on June 27), see Section 3 
for the summary.  

On July 8, Mr. Collington sent me the Quotation [2] for 5 prototype ammonia-filled heat pipes 
(17,200 Euros)  together with the estimated lead time (14-16 weeks) and the cost for mass 
production of about 300 pieces (~1200 Euro/piece). The above prices do not include the coolers 
which will have to be designed and built separately. 

2. Initial discussion in Lyon on June 5, 2013: heat-pipe based and 2-phase heat-spreader based  
solutions 

A great disadvantage of liquid cooling is a bulky and costly infrastructure (chillers, transfer lines, 
manifolding) and the risk of contamination and damaging the SipMs  in case of leaks.  A pure air 
cooling would require enormous amount of chilled air, to achieve the required working temperature 
and uniformity.  

The thermoelectric (TE) cooling provides a more compact and localized solution, but requires a 
perfect heat spreader, in order to match the size and cooling power of typical Peltier coolers with 
the geometry and a relatively small heat load of our system. Moreover, the TE coolers inside the cold 
volume will require some sort of cooling for themselves, e.g. a water-cooling. This complicates the 
system and renders this solution less attractive. 

The solution based on low-temperature heat-pipes can, potentially, resolve the problems of the TE 
cooling. This was the central point of the “brainstorming” discussion we had with Mr. Collington. 

The concept is illustrated by Figures 1-3. The cooling will be provided by Peltier coolers developing a 
sufficient cooling power at ΔT of ~70°C. The “cold” is conveyed to the cold volume inside the end-
cap, through the insulation block, by one or two “transport heat-pipes” bonded to the principal 
“spreader” heat-pipe thermally coupled with the SiPM array. The “spreader” must cover the entire 
area of the SiPMs, including the very edges.  The “transport” pipes can be arbitrarily bent, but must 
provide a low-loss heat transfer from the “spreader” (brazed tihether?). 

Mr. Collington opined that the transport and spreading functions can be, probably, combined in the 
same heat-pipe composed of two or three pieces brazed together at a right angle (Figure 4).  Since 
the “transport” sections should not touch the end-cap walls (to avoid undesired parasitic heat 
influx), such “monolithic” pipe will have short metal bulges at both ends, to cover the extremities of 
the SiPM array. 



We concluded that this solution can be viable and agreed that the heat-pipes with the integrated 
Peltier mounting plate, as well as the heat exchanger for the Peltier water cooling, can be the 
subject of the design by Thermacore. CERN will provide the appropriate Peltier units. 

In addition, Mr. Collington promised to inquire about possible dimensions of the k-Core heats 
spreaders, in particular, whether the (6…9)x530 mm2 (“straightedge ruler” shaped) heat-spreader 
can be manufactured. If so, it could be used for a pure TE cooling option. 

2.1 Executive summary (with completion remarks) 

• Mr. Collington will discuss the SiPM project with Thermacore engineers in Ashington [done] 
• Should a viability of the heat-pipe based solution (either staged, or continuous option) be 

confirmed, an R&D project can be launched at Thermacore [confirmed] 
• The time-scale for the preliminary estimates is about 2 weeks. [done] 
• It is desirable to have a full-scale prototype cooler for one end-cap by September 2013, the 

latest. [acknowledged at the 28 June meeting] 
• Should the heat-pipe based cooling prove to be successful,  about 300 coolers can be 

ordered. [acknowledged at the 28 June meeting] 
• Thermacore might propose a compact and efficient water blocks for the Peltiers. 

[postponed] 
• Mr. Collington will inquire about limitations on the possible k-Core heat-spreader shapes 

[discussed at the 27 June meeting] 
• P.Gorbounov will promptly provide all necessary rectifications and documentation about the 

SiPM project [under way] 

 

3. Meeting in Ashington on June 28, 2013: technical discussion with Thermacore Europe experts 

I had a 3 ½ h  meeting with senior Thermacore stuff (Appendix B):  Dr. Ryan McGlen (Senior 
Advanced Technologies Engineer), Mr. Kevin Lynn (Engineering Manager), Mr. James Robson 
(Operations Manager) and Mr. Peter Collington (Area Sales Manager). After my brief presentation 
about the FT and SiPM cooling, the rest of discussion was focused on the choice of technology for 
our application and a concrete solution for the prototype. 

• PG rejected all options of [1], except the one described as “Horizontal Arrangement, 
Isothermalizing Internally”, reproduced in Fig. 6. It is conceptually equivalent to the one 
described in Section 2 and shown in Figs. 1-5. The number of external coolers (one or two) 
will depend on the efficiency of the transport pipe or bridge. 

• A number of sub-zero solutions for heat pipes exist: they differ by the filling and the inner 
capillary structure (“wick”) of the pipe. The main choices for filling are methanol and 
ammonia. Methanol option is relatively inexpensive and good down to T of ~-40C, with its 
heat transfer efficiency dropping rapidly at lower T. Ammonia is very good (T range -
70…+90C) and it is the principal filling choice for space applications. However, the ammonia 
technology is relatively complicated and expensive (e.g. one filling normally takes 9 days for 
space-based heat pipes). The main limitation, however, is a low capillary force, which 
excludes significant vertical drops for applications under the gravity. Thermacore is currently 



working, under a contract with the ESA, on “gravity-friendly ammonia-filled” heat pipes, but 
this development is at the early stage and cannot be applied to SiPM project. 

• Thus, the only possible option will be the lateral arrangement for the cooler, as showing in 
Fig. 5b. For tilted planes, the cooler will have to be attached to the upper end of the pipe.  

• The pipe inner structure. For future versions, the coming gravity-friendly technology can be 
applied, while for the prototype it was decided to use a traditional mesh wick. 

• The pipe material: the choice of ammonia implies the use of aluminium. For the prototype, it 
will be, most likely, machined, while for the mass production, the custom extrusion will be 
used. 

• Safety. All Thermacore heat pipes are tested for multiple cycles between the minimal T and 
above maximal (100C for ammonia). Any possibility of a leak is excluded by dedicated tests. 
The amount of ammonia per typical FT pipe will be 3-10g (i.e between 1 and 3 kg for the 
entire installation). The Thеrmacore “ammonia” labs are approved by the UK fire safety 
authority. 

• Heat transport “bridge” to the cooler. The ideal solution would be to use Thermacore k-Core 
technology to make the integrated bridge, as shown in Fig. 7. Manufacturing a custom 
bridge will be too expensive and long for the prototype (k-Core division is US-based). 
Therefore, a surrogate solution (locally made k-Core, using existing k-Core spreaders) or a 
full-metal bridge will be implemented for the prototype. 

• The bridge will have the optimal shape matching the cooler.  
• The cooler design will be the entire responsibility of CERN. 

After the meeting, Dr. McGlen showed to me the Thermacore Europe production and testing 
facilities. 

3.1 Executive summary (with completion remarks) 

• Mr. Collington will prepare the Quotation, including the preparation, design and 
manufacturing costs for several prototype units [done, [2] 

• Mr. Collington will visit CERN at the nearest convenience, to present the project and sign 
NDA with the competent CERN representatives [TBC] 

• PG will provide the CAD files for an early design of the FT module end cap [in progress] 
• PG will discuss the Quotation with the FT project management. A decision about the follow-

up has to be taken, ASAP. 

 

  



5. Figures 

 
 
Figure 1. The concept of “staged” heat-pipe based cooling of the SiPM array (not to scale!). 

 
 
Figure 2. A variant of Fig.1, with a single “transport” heat pipe. 



 
 
Figure 3. A variant of Fig.1, with two “transport” heat pipes, each having its own external cooler. 

 
 
Figure 4. An option with a continuous heat pipe combining the “spreader” and “transport” functions. The 
“transport” sections are brazed to the “spreader” section at a right angle. The bulges at the ends of the 
horisontal section are needed to avoid touching the edge skins of end-cap by the vertical sections. 



 
 
Figure 5. A lateral cross-section of the end-cap, with two options of the TE cooler location. The cooler can be 
made of two 2-stage Peltier units, each having a water block on the hot side. The heat pipe (probably 
embedded into an appropriate cold plate) is sandwiched between the two Peltiers units. The cold zone of the 
cooling assembly is properly insulated. The insert shows a similar commercial cooler by Swiftech (not in 
production anymore), designed for two-stage liquid cooling (it has a liquid heat exchanger in the middle, 
rather than the heat pipe). 
 
 

  (Fig. 6a) 



 

  Fig 6 b,c 
 

Figure 6. “Horizontal Arrangement, Isothermalizing Internally” concept from the Thermacore 
Proposal [1]. 

 



 

Figure 7: K-core based heat transport “brigde” to the cooler 
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Appendix A:       Description of the required features of the SiPM cooling system 

• Working temperature -40…-50°C,  uniformity: within 1°C, or better, cooling power: 10 W. 
• The setup is operated in a magnetic field and neutron radiation environment. No electrical 

motors and radiation soft materials are permitted. The outside temperature is around 
+20°C, the dew point – not higher than +12°C. Unlimited water cooling power can be 
assumed (at ~14°C). 

• Modularity:  288 similar ~530 mm long units (“module end-caps”), containing the arrays of 
16 identical silicon photomultipliers (SiPM) to detect the weak light signals from the “mats” 
of scintillating fibres.  The objects to be cooled are the 1.8 mm wide silicon chips 
incorporated in the SiPM packages. The cooler will be attached to the outer 9x33 mm 
“stiffener” plate of the SiPM assembly, made of Carbon fibre laminate. All SipMs are aligned 
and mounted on a polycarbonate support, so that their “stiffeners” form a flat and 
practically contiguous1 area of about 9x530 mm2. This area needs to be cooled down to 
 -45…-55°C, to provide the required working temperature of the detector chip. 

• The amount of heat dissipated by the SiPM array itself is low: ~15mW/SiPM or ~0.25W per 
module, at most. However, the total heat load, estimated by the CFD analysis of the setup, is 
5-7W (we shall further quote 10W per module as a target) and is mostly caused by parasitic 
heat leaks through the insulating end-cap enclosure, polycarbonate SiPM support and 
polystyrene fibre mat.  

• The “cold volume” inside each end-cap enclosure contains the SiPM array and its cooling 
structures. It will have a cross-section as small, as possible to contain the cooling structures 
and leave sufficient space for the insulating walls. The overall thickness of the end-cap 
should not exceed 40 mm, so with ~10…12 mm walls the cold volume can be ~15…20 mm 
wide.  Its height is less constrained and we usually assume 20-30 mm for it. Thus, the cooling 
structure should be contained inside a “duct” with the cross-section of 15x20…20x30 mm2 
and the length of about 530 mm. 

• The thermal insulation of the “cold volume” will be provided by the Π-shaped walls of the 
end-cap. A typical insulation material is Rohacell 51 by Evonik. The edges of the cold volume 
will be closed by thin dielectric skins, providing no or little insulation. However, the adjacent 
end-caps will be mounted edge-to edge, and the heat leaks through the gaps between the 
modules will be small2. 

• The 5 m long, ~530 mm wide and ~40 mm thick modules, equipped with SiPM end-caps at 
both top and bottom ends, will be mounted edge-to-edge, vertically or with a 3-5° tilt, in 
groups of 12, forming  flat “tracking planes”. The whole apparatus will contain 12 such 
planes, stacked with ~40 mm spacing3 . Thus, we shall have 2(top-bottom) x12(modules) 
x12(planes) = 288 end-caps in total. The end-caps mounted on the top and bottom sides of 
each module are identical, but the bottom one is turned upside down, to read the 
scintillating fibres from below. 

• Important requirements for the end-cap cooling structure are: straightness, planarity and 
sharpness of the edges. We usually think of this structure as a straight square liquid-cooled 
“cooling pipe”, pressed against the SiPM array via some sort of thermal interface (see 

                                                           
1 The clearance between two adjacent SiPMs will be about 0.1 mm 
2 Elastic insulating gaskets will be installed between adjacent modules, if needed. 
3 The spacing value is not finalized, yet. 

http://www.rohacell.com/


below). The edges of the cooling pipe are cut to cover the entire area of the  SiPM array. The 
coolant arrives  to and goes out of the pipe through brazed or soldered vertical inlet and 
outlet. An alternative vision of a cooler: a continuous round pipe, bent and embedded in a 
straight “cold bar”, as in conventional serpentine cold plates. 

• The thermal interface between the cooler and the SiPMs should not be rigid. It has to absorb 
tangential stresses caused by different CETs of the cooler and the end-cap and 
stresses/vibrations from the external connections (external feed pipes etc).  By default, we 
consider 0.25-0.5 mm thick thermal pads, preferentially silicone-free. 

I gave to Mr. Collington a copy of the Project Request written for the CFD studies at CERN, as a 
complementary document, describing the requirements for the SiPM cooling and some of the 
cooling technology options we consider. 

 

Appendix B:       Thermacore Europe senior stuff involved in the SiPM cooling discussion 

 

 


